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1.1. History of Electric Vehicles 
CHAPTER 1 
INTRODUCTION 
1 
The development of automobiles began with the captivating idea of having 
carriages which did not require horses for forward or backward motion. It is 
believed that the first electric vehicle was built by Robert Anderson of 
Aberdeen, Scotland, back in 1839 Ill, [2J. About 1870. Sir David Salomone 
developed an electric car which used a light electric motor as its propulsion 
system. However, the imbalance between the capability of the motor and the 
extreme weight of the batteries made the car rather impractical. Meanwhile, 
efforts to improve the capability of storage batteries were continuing. In 
1886, the first electric taxicab was introduced in England, and about this same 
time, attempts were made by Fred M. Kimball of Boston and William Morrison of 
Des Hoines to develop, respectively, their versions of the electric vehicle in 
the United States. 
In the United States (about 1899), several companies merged to form the 
Electric Vehicle Company with assets of about $200 million [1]. Consequently, 
from many points of view, the electric_vehicle appeared to be the most promising 
when compared to the steam and the petroleum driven vehicles. It was not until 
1904 (when Henry Ford began using the assembly line method to produce internal­
combustion engine automobiles [l]) that electric vehicles began taking a hack 
seat to internal-combustion engine vehicles. The decreasing interest in 
electric vehicles eventually led to the collapse of the Electric Vehicle 
Company. Many advancements (such as enclosed bodies, left-hand controls, 
steering wheels and drive shaft instead of chain drive [21), which were adopted 
by internal-combustion engine vehicles, were in fact the results of efforts to 
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improve the electric vehicle. These among other things led to a further decline 
of interest in the electric vehicle, and by 1920 it was quite apparent that the 
electric vehicle had lost the battle to prominence in a world of automobiles. 
1.2. Electric Vehicles Today 
After World War I, interest in electric vehicles was minimal. 
Nevertheless, by 1966, the United States was growing very concerned about the 
by-products of internal-c.ombust!on engine vehicles. Among the most important 
concerns were: one, the level of air pollution, which, imminently, would pro­
duce life threatening situations in some areas; and two, the consumption of 
gasoline becoming an insurmountable problem. It was estimated (by 1966) 
that internal-combustion engine vehicles were consuming about 30% of the oil 
used in this country. (Today, this estimate is up to about 50%.) In 1966, 
Congress passed a bill which stimulated interest in the electric vehicle. This 
same interest was laid to rest by the introduction of m_ass produced, cost­
effective internal-combustion engine vehicles. 
By the 1970's, Congress was able to further reaffirm itself of the need to 
reduce this country's dependence on foreign oil, which, for the most part, meant 
supporting an alternate means of transportation whenever possible. In 1973, the 
long lines at the gasoline pumps and the rationing of gasoline in some areas 
convinced most that there was indeed a shortage of petroleum resources in the 
United States. This further emphasized the need for a vehicle which did not 
depend on gasoline as a propellant; of course, the electric vehicle was and 
still is the prime candidate. 
In an effort to increase the use of electric vehicles, September 1976, 
Congress passed the Electric and Hybrid Vehicle Research, Development, end 
Demonstration Act of 1976 (Public Law 94-413). This act provided a program of 
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support for further advancements in electric vehicle technology (.see 
Appendix A). The Department of Energy (DOE) was named to administer the 
program. In an attempt to expedite the action, the DOE then entered into a 
joint venture with private industry to select certain organizations which 
would test and/or eventually market electric and hybrid vehicles (a list of 
these organizations is provided in Appendix B). The firm of Boaz, Allen and 
Hamilton was selected in July 1977 to plan and manage the private sector 
demonstration site operators (organizations which were selected to test and 
demonstrate the feasibility of electric vehicles) on a daily basis [3]. This 
approach was used to develop a sort of proving ground for electric and hybrid 
vehicles and to provide the DOE and consumers with information regarding both 
commercial and private use of these vehicles. 
1.3. Range of Electric Vehicles 
Unfortunately, the range of electric vehicles is just as limited today as 
it was in the late 1800's and early 1900's. Of course, the primary reason for 
this is the present state-of-the-art in battery technology. The present lead­
acid battery not only imposes a serious weight problem, but also delivers low 
specific energy and power. It is estimated that the range of the electric 
vehicle will increase threefold, if the total weight of the batteries is 
increased from 25 to 50% of the total vehicle weight 14], assuming that lead­
acid batteries are used. (Other batteries which claim to have greater charge 
potential at less weight will be discussed in Chapter 2.) 
In addition to the necessary improvements in battery technology, the design 
of the electric vehicle should take on an entirely new perspective. Moreover, 
different and lighter structural materials should be used, and if possible, 
specially designed radial tires should be employed. A reshaping of vehicle 
frontal area is also preferred. This will reduce the drag coefficient, thus, 
increasing the aerodynamics of the vehicle. Additionally, it is important 
that the drive motor and transmission system are closely matched. This will 
minimize energy loss and result in better overall performance of the 
vehicle. It is noteworthy that all these factors must be improved upon 
simultaneously, since neglecting any one factor could lead to an appreciable 
reduction in vehicular range operation. 
In a study conducted by the Electric Vehicle Council, it was noted that 
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about 37% of the American public would buy an electric vehicle if two factors 
were adhered to: First, that they did not cost more than the internal-
combustion engine vehicle of comparable size; and second, that they would have 
a range of about forty miles with an estimated top speed of fifty miles per hour 
151. Such an electric vehicle would certainly qualify for urban use.
1.4. Long-Range Electric Vehicles 
Although the idea of having long-distance electric vehicles appears to be 
somewhat far-fetched. there is some theoretical support for it. The combination 
of battery and fuel cell seems to be a likely prospect in this area. The bat-
tery is expected to provide peak power during acceleration and hill climbing, 
while the fuel cell handles normal operational power requirements [2]. In 
addition, there are many conceptual models describing systems which are 
intended to provide solutions to most, if not all. of the problems' associated 
points, much in the same way as with gasoline stations, with both battery 
replacement (instead of recharging) and maintenance packages. This will 
allow for quick servicing at any particular point - assuming, of course, that 
each vehicle is capable of traveling at least 90 miles at a rate of about 50 
miles per hour. Otherwise, this concept would not be plausible. 
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Another concept calls for the installation of elec�ric trolley wires along 
the highway, which will provide the necessary electrical energy to support long­
distance travel. This concept is being utilized in certain U.S. cities to some 
extent, for example, San Francisco. The trolley wire concept would also alle­
viate the concern over depleting battery charge [2]. 
A third concept which appears to be quite affable was considered by the 
Alden Self-Transit System Corporation of Westboro, Massachusetts. This concept 
was "to include the use of their "Starrcar" which would operate both on bat­
teries and on a specially designed guideway equipped to provide electrical power 
[2]. The car would operate on batteries until it reached an automatic connec­
tion point on the guideway, at which time, it could begin its long-distance 
travel. It is noteworthy that the latter two concepts, briefly described, could 
lend themselves to the application of microprocessor control. This would be 
especially useful when travelling for long distances on either trolley or 
guideway. For example, the car could be programmed to t�avel a certain distance 
before slowing down, or coming to a complete stop. 
1.5. Short-Range Electric Vehicles 
In spite of the ensuing efforts to alleviate the many problems (i.e., gaso­
line consumption and air pollution) caused by internal-combustion engine 
vehicles, automobile makers can only hope to lessen their harmful effects on 
the public. It is on this note that the electric vehicle looks most promising. 
However. there is still a need for electric vehicle enthusiasts to lessen 
their expectations. For one thing, the United States is very much aware of the 
firm grip that the internal-combustion engine vehicle has on its economy. With 
the ability to travel long distances, along with the many service points strate­
gically located to ensure its travel, the internal-combustion engine vehicle 
will continue to have a tremendous advantage over the electric vehicle. 
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However, the mere mentioning of such concerns as petroleum usages and air pollu-
tion perpetuates a hope for more widespread use of electric vehicles. Much of 
what could be expected from electric vehicles today is presented in Table 1.1. 
A quick assessment of these data indicates that the performance of the internal-
combustion vehicle is far superior to that of the electric vehicle. (Specific 
details describing each vehicle listed in Table I.I can be found in (6]). 
It is essential to note that the most important factors affecting the per-
formance of electric vehicles are: one, the weight of the batteries; and two, 
the inability of these batteries to hold their electric charge for long periods 
of time (e.g., several days at constant use). Figure 1.1 shows typical range 
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Figure 1.1. Range and speed expectancy. 
TABLE 1.1 
REPRESENTATIVE ELECTRIC CARS, 1967-77 
2-Passenger Cars
Ford Comuta (1967) 
CM-512 (1968) 
Citicar 
ESB Sundancer (1970) 
CDA Town Car (1976) 
4-Passenger Cars
Ripp-Electric (1974 
EVA Metro (1975) 
Mars II (1967) 
*Estimate
Curb Battery 
Weight, Weight, 
kgl percent 
544 32 
567 26 
626 37 
726 47 
1339 37 
1334 44 
1429 33 
1860 47 
**SAE Test Procedure J227a, Schedule C 
Ramre km* 
Constant Urban** 
50 km/hr2 Driving2 
41 38 
91 60 
75 47 
173 105 
204 101 
156 121 
68 35 
181 107 
To convert to ASM values use the following formulas: 
l, Kg x 2.205 • lb. 
2. Km/Hr x 0.6214 • mph
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Acceleration 
Time* 
(0-50 km/hr), 
.seconds 
12,9 
12,5 
19,9 
12.5 
13,1 
14,9 
16.1 
15,6 
NOTE: In comparison, the average internal-combustion vehicle can be expected 
to travel roughly 560 km on one tank of gas during highway operation. 
Source: Prospects for Electric Cars, Electric Vehicle Impact Assessment Study, 
Final Report for December 15, 1975-April 30, 1978, by William Hamilton, 
Contract EY-76-C-03-1180. National Technical Information Service,, U.S. 
Department of Commerce, Springfield, VA, 1978, p. 8. 
expectancy of electric vehicles when they are operating at 7.5 and 20 kilowatt 
hours battery capacity [4]. To date, most electric vehicles are considered 
short-range vehicles and are expected to travel about 30 to 40 miles between 
charges. 
1.6. Problems Affecting Commercialization of Electric Vehicles 
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�ven though there are some visible improvements in such areas as aerodyna­
mic design, vehicle performance and overall quality, many barriers preventing 
commercialization of electric vehicles still remain. In an effort to reduce or 
eliminate these barriers, special funding was provided through the Electric and 
Hybrid Vehicle Research, Development, and Demonstration Act of 1976. Table 1.2 
shows how the funds were allocated from 1976 through 1982. Nevertheless, those 
programs which were intended to bring abdut further commercialization of the 
electric vehicle were somewhat unsuccessful. Hence, projected goals, as 
depicted in Table 1.3, were never met. 
In its report (March 19 1 1982) to the Subcommittee on Energy Conservation 
and Power, House Committee on Energy and Commerce, the General Accounting Office 
(GAO) cited several factors which it thought were preventing widespread commer­
cialization of electric vehicles. These factors were identified as follows: 
1. Further advancement in battery technology is critically needed.
2. Involvement of U1B.jor automakers is essential for widespread commer­
cialization of electric vehicles.
3. The need for an industrial infrastructure (i.e., a network of electric
vehicle service points).
4. The removal of marketing barriers.
The life and energy storage capacity of presently available batteries has 
always been a major factor affecting commercialization. In acknowledgement of 
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TABLE 1.2 
EV PROGRAM FUNDING 
Program Activity 1976-1979 1980 1981 1982 Total 
millions 
R&D $63,8 $24.0 $24.S $16.2 $128.5 
Demonstration 17.5 10,9 7 .o 2,0 37.4 
Financial incentives 
(Loan guarantees and 
small business grants) 3.1 1.s 4,6 
Other (Program man-
agement, studies, etc.) 6.9 1,6 1.4 0,6 10.5 
Tot:al $91.3 $38.0 $32.9 $18.8 $181.0 
Source: Electric Vehicles: Limited Range and High Cost Hamper 
Commercialization, GAO Report B-206511 1 United States General 
Accounting Office, March 19, 1982. 
TABLE 1.3 
( needs title) 
Recipient and 
milestone number 
Vehicle sales Vehicle production 
(in vehicle units) 
Electric Vehicle 
Associates Milestone Actual 
1 
2 
3 
4 
5 
40 
45 
80 
33 
70 
Total 
Jet Industries 
1 
2 
3 
4 
s 
212 
223 
261 
264 
350 
Total 1,310 
Source: Same as Table 1.2. 
7 
38 
14 
33 
48 
140 
127 
129 
62 
87 
22 
427 
Milestone 
45 
45 
90 
SS 
55 
290 
212 
223 
261 
264 
350 
1,310 
Actual 
14 
38 
14 
33 
33 
169 
134 
91 
153 
30 
577 
---- ------------------------ ---- -
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this fact, the GAO's suggested budget cuts did not include cutting funding for 
further research and development in battery technology. 
The other three factors, involvement of major automakers, industrial 
infrastructure, and market barriers, are very much interrelated. With the 
involvement and cooperation of the major auto makers, much could be done to 
remove marketing barriers and create an adequate industrial infrastructure. 
According to the GAO, major auto makers are only willing to produce and commer­
cialize electric vehicles after they are convinced of their competitiveness in 
the marketplace [7]. 
1.7. Commercialization Outlook 
In addition to Public Law 94-413 1 Congress passed two additional laws which 
it thought would help further commercialize the electric vehicle. The first law 
passed was the Postal Service and General Government Appropriation Act, 1980 
(Public Law 96-74, September 29, 1979), which cOll!Dlitted the postal service and 
other o.rganizations to the purchasing of electric vehicles for inclusion into 
their transportation fleets. The second was the Chrysler Corporation Loan 
Guarantee Act of 1979 (Public Law 96-185, January 7, 1980). This law allowed 
auto makera to include electric vehicles in their average vehicle ·m.11es per 
gallon (mpg) estimates, with the hope that its inclusion will increase those 
figures and, in the interim, entice them into becoming more involved in the com­
mercialization processes. 
In spite of all that has been done to promote the commercialization of 
electric vehicles, the road ahead still looks grim. For one thing, the general 
public is not as informed as it should be about electric vehicles. But even 
more importan;ly is the fact that only marginal improvements have been made in 
electric vehicle technology, thus making electric vehicles less competitive on 
the market. Finally, adequate battery technology and industrial infrastructure 
are not achievable in a foreseeable period of time, say five to ten years. 
2.1. Overview 
CHAPTER 2 
BATTERY SYSTEMS 
11 
One of the major factors affecting further commercialization of electric 
vehicles is the state-of-the-art in battery technology. To date t the lead-acid 
battery is most widely used; and, therefore, is considered to be the state-of­
the-art in electric vehicles battery technology. Even though much effort has 
been made to develop a direct replacement for the lead-acid battery, the costs 
normally associated with such alternatives tend to minify their advancements. 
Our purpose is to present a discussion on some of the more interesting secondary 
(rechargeable) batteries. Mention is made of the primary (non-rechargeable) and 
fuel cells in an attempt to present a balanced discussion. 
2.2. Historical Background 
Electromotive force (EMF) as we know it today was discovered quite by acci­
dent. About 300 B.C., Thales, one of the sages of Greece, discovered electrical 
properties in amber [8]. A similar discovery was made'by Theophastus about 
Lycurium some three hundred years later. It is noteworthy to mention that 
during this period new scientific discoveries were greatly frowned upon, in fear 
that they may be connected with the supernatural. As a consequence, discoveries 
in electricity remained quite dormant until the mid 1700s. 
About 1789, a Professor of Anatomy, at Bologna, by the name of Luigi 
Galvani, discovered that he could produce involuntary muscle contractions of frog 
legs, which were dipped in a brine, by tangibly placing them between two dis­
similar metal objects. Consequently, it was believed that animals were a source 
of electricity. Then came Alessandro Volta who disproved Galvani's hypothesis 
and, at the same time, proved that it was the chemical reaction between the 
liquid (electrolyte) and the two dissimilar metals which produced the 
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electricity, not the frog legs. Further pursuance led Volta to develop what is 
now referred to as the voltaic cell. Simply put, the voltaic cell consists of 
two dissimilar metal objects (electrodes) suspended from a salt or acid solution 
(electrolyte). Figure 2.1 illustrates the makeup of a simple voltaic cell. 
2.3. The Dry Cell 
zinc 
electrode 
1,----m 
+ copper 
electrode 
,,- lr--111 1 r-.�,
17"-;,-:,li!:!l'-,,.,--- �i !;f';"'\ If ' :� ;,) 
, 
Figure 2.1. Simple voltaic cell. 
In principle, the dry cell is, and works, very much like the voltaic cell. 
However, it is considered to be a primary (non-rechargeable) cell, and is mostly 
used in such applications as radios, cameras, flashlights, etc. The dry cell is 
not employed for use in electric vehicles except, perhaps, for the operation of 
lights and horns. In this type of cell (dry cell), the zinc electrode forms a 
cylindrical casing which encloses all the other substances. The electrolyte 
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exists in the form of a paste and is separated from the zinc electrode by a non-
conducting paper, or bag, depending on which side of the Atlantic Ocean you hap-
pen to be. (Paper lining is most co11DD.on in the U.S.) The dry cell employs such 
substances as ammonium chloride, zinc chloride, and graphite, just to name a 
few, as its electrolyte. 
For the purpose of maintaining the lowest possible resistive value, copper 
cathodes are generally used. (The essential components of the dry cell battery 
are illustrated in Figure 2.2.) 
Operationally, the dry cell is very much like the voltaic cell, and with 
modern day methods to prevent local action (depleting battery energy due to 
impurities in electrodes), battery shelf life is greatly extended. 
positive terminal 
negative terminal_ • 
expansion .chamber 
/ 
steel cover
asphalt saturated 
paper gasket 
electrolyte and �-,...�,1---asphalt saturated 
depolarizing mix insulating washer 
zinc can _j'=-:
)
·��\��-';:;;:;
;;���;:t=-
c
-•-r
;
:�!�:;�;�;;:arator
c
hipboard jacket 
Figure 2.2. Simple dry cell. 
------------------·----- ·------
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2.4. Lead-Acid Battery 
The lead-acid battery is known to date as the state-of-the-art in battery 
technology. While the electrochemical processes underlying its operation are 
readily understood [8] 1 [9], [10], [11], the lead-acid battery still exhibits 
certain qualities which electric vehicle manufacturers find unacceptable. The 
reason for such performance may be best explained by the equation that follows; 
+ 2H SO 
dischargi 2PbSO + 2H-O + Pb 2 4 charge 4 --z 
(2.1) 
During the charged condition, Equation (2.1) shows the solution to contain sul-
£uric acid (H
2
so
4
), while the positive and negative plates contain lead dioxide
(Pb0
2
) and spongy lead (Pb), r�spectively. On discharge, there is less acid con­
tent in the electrolyte. This is due to the lead sulfate (Pbso
4
) buildup on
both plates. It is noteworthy that the specific gravity (ratio of the weights 
between the volume of acid to volume of water) decreases proportionally with 
depth of discharge. 
Much effort has been expended to reduce the number of factors affecting the 
performance of the lead-acid battery. The general contention is that the reduc-
tion or removal of these factors will alleviate most of the short range problems 
inhibiting commercialization of electric vehicles. Better grids must be 
developed IlO], [12] 1 so as to reduce corrosion and minimize shedding which nor-
mally cause sludge to form at the bottom of the electrolyte. Even though there 
are numerous citations on improvements in lead-acid technology, generally, what 
one could expect to find is illustrated in Table 2.1 [13], and Figure 2.3 [9]. 
The primary purpose of Table 2.1 and Figure 2.3 .is to present two different ver-
sions of how the lead-acid battery compares to other battery contenders. 
------- ------- -------
TABLE 2,1 
PERFORMANCE OF BATTERIES PROPOSED FOR USE IN ELECTRIC VEHICLES 
Battery System 
Lead-Acid 
Nickel-Cadmium 
Nickel-Iron 
Nickel-Zinc 
Silver-Zinc 
Zinc-Chlorine 
Zinc-Air 
Sodium-Sulfur 
Lithium-Sulfur 
Specific Power, Watts/lb, or 
Specific Energy, Watt hr/lb* 
Achieved 
15 
15 
15 
25 
40 
50 
30 
68 
50 
Expected 
25 
25 
25 
35 
75 
75 
75 
100 
100 
Estimated Cycle 
Life at 50% 
Discharge 
1000 
3000 
1000 
2000 
200 
150 
250 
100 
*At the one hour rate of discharge, values of specific power =
specific energy.
2.5. Nickel-Cadmium Battery 
While much effort is being made to fully understand the electrochemical 
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processes underlying the operation of the nickel-cadmium battery, the net chem!-
cal reaction is quite clear. There is a transfer of oxygen from one active 
material to the other [14]. The electrochemical equation which describes this 
process is as follows: 
discharge 
charge 
2Ni(OH)2•6H20 + 2KOH + 2H20 + CdO
(2.2) 
Efforts to improve the nickel-cadmium battery system have shown remarkable 
results in such areas as improved electrodes, separators, and the application of 
sponge plates� In spite of the considerable potential of the nickel-cadmium 
---------------------- - - ----- -- ---
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battery over the lead-acid battery (as depicted in Figure 2.3), efforts to 
further commercialize this system are discouraged by its cost and a world-wide 
short supply of cadmium. Nevertheless, the nickel-cadmium system has performed 
well in such applications as electric fork lift trucks, mine shuttle cars, and 
locomotives [15]. 
1000 
nickel 
100 
lead-
10 
1 
1 10 
silver-
zinc sodium-' =r lithium­
chlorine 
' 
nickel 
zin 
' 
organic­zinc electrolyt
ir 
100 
Specific energy (watt hours/lb) 
0.1 
.01 
1000 
Figure 2.3. Comparison between the specific energy and power of the lead­
acid battery and other battery systems. 
2.6. Nickel-Iron Battery 
Many attempts to describe the exact electrochemical reactions of the 
nickel-iron (Edison) battery have resulted in general disagreement. Still, none 
of the propos3ls completely explains the full extent of what goes on in that 
electrochemical process. To date, the best description of the electrochemical 
reactions are as follow: 
17 
discharge 
Fe + .2NiOOH + 2H20
charge 
Fe(OH)
2 
+ 2Ni(OH)
2 
(2.3) 
Much the same as with the nickel-cadmium battery system, oxygen is transferred 
from the nickel oxide (positive plate) to the iron (negative plate) in the 
nickel-iron battery system. In spite of the uncertainties, information describing 
this system is abundant [9], I!Ol, {15]. 
The nickel-iron battery system is recognized mostly Ior its ruggedness, 
deep discharge capability and excellent cycle life. In addition, recent 
improvements in battery construction have resulted in better overall 
performance; as much as 50 percent over the lead-acid battery. As a result, the 
nickel-iron battery is considered to be a short term replacement for the lead­
acid battery. 
2.7. Nickel-Zinc Battery 
The electrochemical process which describes the nickel-zinc battery system 
is as follows: 
2NiOOH +Zn+ 2H2o
discharge 
charge 
2Ni(OH)2 + Zn(OH)2 (2.4) 
A unique feature of this system is the combination of zinc and nickel oxide 
material in a potassium hydroxide (KOH) electrolytic solution [14]. 
At a cost which is less than that for other battery contenders, and with a 
performance twice that of the lead-acid battery, the nickel-zinc battery is 
considered to be a replacement for the lead-acid battery system. 
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Some of the more common problems presently affecting the nickel-zinc system 
are: 
1. Deterioration (shedding) of zinc electrode during discharge.
2. Separator penetration and battery shorting during charging.
3. Short cycle life.
4. High cost compared to lead-acid battery.
In spite of these shortcomings, the nickel-zinc battery system is considered to 
be a likely candidate for short-term replacement of the lead-acid battery. 
2.8. Silver-Zinc Battery 
The silver-zinc battery system is widely recognized because of its ability 
to deliver higher energy per unit of weight and volume than the nickel-cadmium 
and the lead-acid battery. The equation that follows represents an attempt to 
fully explain the electrochemical reaction found in that (silver-zinc battery) 
system: 
discharge 
charge 
2Ag + 2Zn(OH)2 (2,5) 
Since ZnO is recognized to be unstable at ambient temperature, system construc­
tion is always modified to produce Zn(OH)2 during discharge.
In addition to its high energy density, the silver-zinc battery system has 
performed remarkably well. Low self-discharge and long storage life are also 
among its positive attributes [16]. Nonetheless, the silver-zinc system is 
known to have a very poor cycle life (normally less than 200). Another impor­
tant factor, which will restrict the use of silver-zinc batteries in electric 
vehicles, is the high cost of silver. Thus, it might be to the advantage of the 
electric vehicle manufacturer to look t9ward other battery systems in an effort 
to minimize initial cost. 
2.9. Zinc-Chlorine Hydrate Battery 
The zinc-chlorine combination represents an interesting concept for 
acquiring enough energy to operate an electric vehicle. The electrochemical 
reactions are as follow: 
discharge 
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(2.6) 
charge 
During the charge cycle, zinc is deposited and is formed on the negative 
electrode plates as a non-porous solid [17], while the chlorine is carried out 
of the cell by the electrolyte. The chlorine and electrolyte are solidified to 
form a hydrate substance. On the other hand, discharging is accomplished by 
warming the hydrate substance and transferring it back to the cell by means of a 
circulating pump. An operational diagram is depicted in Figure 2.4 [7]. 
During battery charge 
electrolyte circulated 
Figure 2.4. Zinc-chlorine battery system. 
chlorine 
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+ 
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Even though the zinc-chlorine battery promises to be a very high specific 
energy system, the safe operation at high temperature and the safe handling of 
chlorine must be ensured before it can replace the lead-acid battery in electric 
vehicles. 
2.10. Metal-Air Battery 
1wo especially interesting metal-air (energy) batteries are the zinc-air 
and the iron-air batteries. The equations describing their electrochemical 
reactions, respectively, are as follow: 
discharge 
2Zn0 (2.7)
charge 
and 
discharge 
charge 
2Fe(OH)
2 
(2.8) 
Even though the metal-air batteries promise greater performance than the 
lead-acid battery, major problems with the air electrode will prevent them from 
being short-term replacements for the lead-acid battery. 
2.11. Sodium-Sulfur Battery 
The sodium-sulfur battery is another system operated at high temperatures. 
It is generally described in the following electrochemical reactions: 
dischar!e
2Na + yS Na2S 
charge Y 
where y could assume any value between 3 and 5.2. 
(2.9)
The reactions of the sodium-sulfur system are normally performed when the 
sulfur and sodium (cathode and anode, respectively) are in a molten state at about 
572°P to 750 °F. The discharge process requires that the sodium, which has 
become ionized, pass through the electrolyte (a solid) on its way to the sulfur 
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cathode where it forms polysulfide [18]. Figure 2.5 illustrates the construe-
tion of a sodium-sulfur cell using Beta-Alumina [9J. 
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Figure 2.5. Sodium-sulfur battery system. 
Based on laboratory tests, the sodium-sulfur system appears to be quite 
promising. However, the need to circumvent such problems as excessive buildup 
of metallic sodium, weakening of separators and the breakdown of Beta-Alumina at 
high temperatures still remains. As contenders for electric vehicle applies-
tion, all high temperature systems are considered long-range replacements for 
the lead-acid battery. 
2.12. Lithium-Sulfur Battery 
The lithium-sulfur battery is yet another battery system which is operated 
at high temperature. In this system, both the lithium and the sulfur reactants 
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exist in a molten state. The electrolyte is described as being molten 
LiI-KI-LiCi eutectic salt. Two of the primary problems which are direct results 
of the electrochemical processes are: one, the molten lithium normally attacks 
the other cell components; and two, the excessive rate at which the sulfur is 
diffused at the cathode. 
Just like other high temperature battery systems, the lithium-sulfur bat­
tery is faced with overwhelming material problems. In an effort to circumvent 
these problems, a special alloy made up of lithium-aluminum is being used at the 
anode, while a sulfur-arsenic-carbon semi-solid is used at the cathode ll3J. 
Other problems with this sytem include material corrosion at high temperature, 
retention of materials in the electrode during repeated cycling, and low effi­
ciency of the electrode [12]. 
2.13. Other �attery Systems 
Many other battery systems which promise to deliver higher specific energy 
and power than the present lead-acid battery are still undergoing extensive 
research. Among them are aluminum-air, potassium-sulfur, lithium-chlorine and 
lithium-tellurium tetrachloride. A summary of these and other possible replace­
ments for the lead-acid battery can be found in (12]. 
One of the major factors affecting the introduction of new battery systems 
is the high cost normally associated with these systems. To date, all the 
systems which are considered to be short-, or long-term replacements for the 
lead-acid battery actually coat more. Moreover, consumer safety and complex 
recharging issues tend to hinder those efforts necessary to commercialize some 
new battery systems. 
2.14. The Fuel Cell 
The first experiment which demonstrated the principal operation of the fuel 
cell was done by Sir William Grove in 1839 [19], (20], [21]. In spite of the 
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fact that the fuel cell has been in existence for well over a century, most of 
its technological advancements have occurred only in the last two decades. 
(This is not so bad considering that many centuries lapsed between the discovery 
of the electrical properties in amber and the first practical battery.) 
Nevertheless, the fuel cell has been found to be a viable source of power in 
space·exploration. 
In principle, the fuel cell works very much like the battery systems 
discussed so far. That is, an electrochemical process must also be present in a 
fuel cell. The reactions describing such an electrochemical process in the 
anode and the cathode, respectively, are 
Anode + Hi + 20H- + (Anode + 2e-) + 2H20 (2.10) 
and 
(Cathode+ 2e-) +Cathode+ 20H (2.11) 
At the anode, hydrogen is fed into the system and reacts with the potassium 
hydroxide electrolyte to form water. On the other hand, oxygen is fed into the 
system at the cathode. This oxygen then reacts with the water in the electro-
lyte to form hydroxyl ions [20]. It is noteworthy that the reactions in the 
fuel cell system will quickly reach a state of equilibrium if the cell is not 
connected to an external load. The essential components of a typical fuel cell 
are depicted in Figure 2.6 [21]. 
There are three basic loss mechanisms normally associated with the opera-
tion of a fuel cell. The first of the losses is termed "ohmic" loss. Ohmic 
loss can be caused by a number of factors among which are reduced levels of 
concentration in the electrolyte and the spacing between electrodes. The second 
loss, "concentration" loss, can also be caused by a number of factors. Perhaps 
the most common factor is the nonremoval of the cell's by-products. The removal 
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Figure 2.6. Oxygen-hydrogen fuel cell. 
of all byproducts is essential for optimum operation of the fuel cell system. 
Lastly, the low rate of reaction between the fuel and the oxidants in the system 
is identified as one of the factors reducing the cell's efficiency. Losses due 
to slow reactions are most often caused by inadequate temperature level, and can 
be circumvented by making the appropriate temperature adjustments. 
Even though the fuel cell could become a viable source of power for the 
electric vehicle by itself, special attention is being given to its employment 
in hybrid (battery/fuel cell) systems, as depicted in Figure 2.7. The fuel cell 
is most noted for its long periods of operation; thus, it could provide the 
necessary energy for an elect.ric vehicle· to travel long distances, while the 
batteries provide peak power during acceleration and hill climbing. 
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Figure 2.7. Hybrid battery/fuel cell system. 
In an attempt to take the bitter with the sweet, here are some of the 
disadvantages of the fuel cell: one-, ... the cost for hydrogen fuel and sy,stem 
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maintenance can be quite discouraging; two, the technology is relatively young 
and needs to be further developedi and three, pure hydrogen is not always
readily available. In addition, safety measures must be strictly adhered to in 
order to prevent any potential disasters. 
3 .1. Overview 
CHAPTER 3 
ELECTRIC MOTORS 
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In spite of the tremendous popularity of electric motors, most users 
understand very little about their operating principles. In addition to noting 
some of the intrinsic differences between direct current (de) motors used in 
electric vehicles. a brief discussion of alternating current (ac) motors is pre­
sented. It is noteworthy that ac motors are currently under investigation for 
possible use in electric vehicles. However. it appears that the inherent high 
cost of the complex controls required may place the ac-drive electric vehicle 
out of competitive range. 
3.2. Theoretical Background 
An electric motor is a device which converts electrical energy into mechan­
ical energy. Thus, electric motors are considered to be the kernel of electric 
vehicles. They are- e�cited electrically by either direct current (de) or alter­
nating current (ac). In addition, electric motors are generally classified as
being ac or de. Very few, if any, are excitable by both ac and de with any 
appreciable degree of efficiency. 
Surrounding every magnet in a motor is a magnetic field. This magnetic 
field is often referred to as magnetic flux, or just lines of force (see 
F-igure 3.1.). These lines of force leave one end of the magnet (north pole) and 
enter at the other (south pole). The intrinsic properties of magnetic lines of 
force are as follow: 
1. They never cross.
2. They always form a closed loop.
3. Lines from two unlike poles .attract, while lines from two like
poles repel each other.
4. Magnetic lines of force permeate all known substances.
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Generally, the intensity or quantity of these lines of force.entering or leaving 
a point are referred to as the magnetic flux density. 
N :: -::--:.: :.: -:.- :: ---s - - - - ·- ---- -------- -- -- ------ -- --- -- - - -- - - - - -
Figure 3.1. Magnetic field of a magnet. 
As current passes through a conductor, a magnetic field is formed. When 
that same conductor is placed in yet another magnetic field, a torque is created 
pushing the conductor up or down. This motion is governed by the repelling and 
attracting properties of two interacting magnetic fields: namely, that of the 
stationary magnet and that of the current-carrying conductor. This motor action 
is illustrated in Figure 3.2 [22]. It is noteworthy that the direction of' the 
magnetic lines of force around a conductor can be determined by using the left-
hand rule method while the right-hand rule describes the actions of the motor 
[23]. 
----- ---- ---- - --
N 
Conductor 
External 
Circuit 
Figure 3.2. Basic motor action. 
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Commutator 
Now that torque has been explained 1 the torque equation for a de motor can 
be determined. The basic torque equation of a de motor is 
T • k;I (3,1)
whereby torque is equal to the product of a proportionality constant, k, the 
flux density, �, and the current in the conductor. Almost in the same breadth, 
the horsepower rating of a motor can be determined. This is generally derived 
from the following equation: 
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torque x revolutions p'er minute x 2 n horsepower -������"',;;;-���-����"-"-"-=-� 
33,000 (3.2) 
Note that the quantity 33,000 is the valued amount of one horsepower 
expressed in foot-pounds, when moved for a duration of one minute. The speed 
(rpm) of a motor can be determined by means of a tachometer. However, speed can 
also be determined with the knowledge of the applied voltage, E, the voltage 
drop across the armature, IR, the flux density, ;, and the proportionality 
constant. The rpm equation is 
rpm• E - IR k; (3.3) 
By controlling the applied voltage or the intensity of the magnetic flux den-
sity, the speed of the motor can be varied. 
3.3. Series-Wound DC Motor 
The series-wound motor is perhaps the most widely used motor in electric 
vehicles. In this motor, the magnetic field is connected in series with the 
armature, as depicted in Figure 3.3. Some of the more interesting features 
which make the series-wound motor particularly interesting for traction use are: 
one, its construction is simple and reliable; two, it produces high traction 
torque at a wide range of speeds; and three, it does not require sophisticated 
measures for control. Moreover, controlling the series-wound motor directly 
from the battery not only minimizes the cost per vehicle, but could result in an 
overall reduction in vehicular weight as well. The weight of an electric 
vehicle is a very important factor, since it directly relates to the vehicle's 
performance. 
---------------·-----·----·----·-
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Field 
Armature 
Figure 3.3. Series-wound motor. 
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One intrinsic disadvantage of the series-wound motor is its uncontrollable 
speeds during no-load conditions. This runaway action must always be pre-
vented. Therefore, it is not recommended to use a belt driven shaft with this 
motor. Instead, a gear-coupled motor system is preferred. 
3.4. Shunt-Wound DC Motor 
Unike the series-wound motor, the magnetic field of the shunt-wound motor 
is placed in parallel (shunt) with the armature. This arrangement (as depicted 
in Figure 3.4), lends itself to two types of speed controls. The first can be 
accomplished by varying the current in the !Ba.gnetic field, thereby reducing the 
flux density. The second is accomplished by simply adjusting the applied 
voltage. With the use of these control methods, the shunt-wound motor can be 
controlled over a wide range of operation. 
arma­
ture 
shunt 
field 
E 
a 
Figure 3.4. Shunt-wound motor. 
One basic disadvantage of the shunt-wound motor is that the efficiency 
drops at high torque and current levels. 
3.5. Compound-Wound DC Motor 
The compound-wound motor combines all of the inherent characteristics of 
both the series-wound and the shunt-wound motors. However, more complex 
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controls are required. Figure 3.5 illustrates the typical field arrangement of 
the compound-wound motor. At no-load, very little current flows in the series 
field; therefore, the speed is controlled primarily from the shunt field [24]. 
On the other hand, speed depends on the combining of the series and shunt field 
at high loads. 
-----------·--·--- -- -- --
Series 
Field 
armature 
shunt 
field 
E 
Figure 3.5. Compound-wound de motor. 
32 
Even though the compound-wound motor has a high starting torque and rela-
tively constant torque characteristics at variable loads, the cost normally 
associated with its complex control circuitry tends to limit its application in 
electric vehicles. 
3.6. Permanent Magnet DC Motor 
The permanent magnet motor (as illustrated in Figure 3.6) is by far the 
least expensive motor used in electric vehicles. It employs armature 
windings instead of field windings. A permanent magnet material is used to set 
up the required field flux. It is believed that with the increasing cost of 
copper and the advancement in permanent magnet technology, small permanent 
magnet motors may continue to be more cost effective than wire-wound motors 
[2SJ. To date, permanent magnet motors have found widest acceptance in low-­
speed electric vehicles. 
3.7. AC Motors 
Motor 
Figure 3.6. Permanent magnet motor. 
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Alternating current motors are being investigated for possible use in 
electric vehicles. Compared to the different types· of de motors described thus 
far, the ac motor promises to deliver higher torque per pound without the use of 
commutator brushes. (Wear on commutator brushes has long been identified as 
one of the major problems affecting the use of de motors.) However, the trade­
off factor to consider when employing the use of ac motors in an electric 
vehicle is whether or not it is cost-effective. Thus, with the.required complex 
control of ac motors, the electric vehicle may not result in a cost-effective 
alternative to consumers. 
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There are many types of ac motors, all of which could be divided into two 
groups, asynchronous and synchronous. In its simplest form, the ac motor con­
sists of a primary winding (stator) and a secondary winding (rotor). Power is 
normally applied to the stator, which, in turn, causes the rotor to turn, thus 
providing the necessary horsepower for the production of mechanical energy. 
The induction motor is considered to be an asynchronous motor. However, 
the speed at which the magnetic field rotates is considered synchronous. When 
current is applied to the stator, it causes an induced current to flow in the 
rotor. This creates the necessary motor-action for determining the speed of the 
magnetic field. The speed of the magnetic field is 
N
6 
• 120 f/p (3.4) 
where the product of a constant and the frequency, f, is divided by the number 
of poles, p. 
On the other hand, synchronous motors require commutators and brushes for 
their operation. However, ordinary brush wear is much less than that of de 
motors. Unlike the induction motor, current is applied to the rotor by means of 
slip rings; this creates the required north and south poles in the rotor's 
windings. A principal advantage of the synchronous motor over the induction 
motor is that it requires less complex controls. 
3.8. Care of Motors 
Even though an electric motor requires less maintenance than an internal­
combustion engine, it is important that consumers are made aware that periodic 
checks of motor condition aijd corrosion preventive measures can not only extend 
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the life of the motor, but increase performance as well. Some of the more 
constant items to look for are: constant sparking from motor, gross discolora­
tion and grooves in commutator surface, and the degree of wear on commutator 
brushes. 
4.1. Overview 
CHAPTER 4 
MOTOR DRIVE SYSTEMS 
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In its simplest form, a motor controller can be made to start and stop a 
motor by simply applying and removing the appropriate electrical voltage to the 
field of that motor. Additionally, more complex controllers (comm.only referred 
to as motor drives) can regulate motor speed as well as starting and stopping 
it. One thing seems certain, industrial engineers who are faced with the task 
of selecting a motor drive system can expect to find an overwhelming variety of 
designs. Moreover, industrial engineers who must design and build drive systems 
should be able to appreciate the de to de Pulse Width Modulation (PWM) chopper 
controller. An example of this system is presented in this chapter and 
Appendix c. This PWM chopper controller was built to demonstrate, experimen­
tally, the feasibility of using power Metal Oxide Semieonductor Field Effect 
Transistors (MOSFET) in a variable-speed system to control a motor. Even though 
other drive systems are discussed, special emphasis is placed on the aforemen­
tioned controller. 
Motor controllers can generally be divided into two broad categories: 
semiconverters and converters. The sem.iconverter drive can be expected to pro­
vide unidirectional transfer of energy [26], while the converter drive provides 
bidirectional transfer of energy• Therefore, an advantage that the converter 
drive has over the semiconductor drive is that the reverse current and voltage 
can be used for regenerative braking (a means for restoring some of the energy 
consumed by an electric vehicle during acceleration, hill climbing and 
cruising). By adding resistors, dynamic braking can be achieved from semicon­
verter applications. However, this method is wasteful since it allows the 
excess energy to be dissipated by burn-off resistors, as in the case with lll8ny 
small electric vehicles (i.e., electric golf cars, and fork lifts.) 
4.2. Speed Control of DC Motors 
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By varying the applied voltage across the armature and, or field, the speed 
of a de motor could be controlled. Based on the intended use of the motor, 
several methods of speed control come to mind. The first calls for a series-
parallel connection of two or more (multiple) identical motors as illustrated in 
Figure 4.1. Both motors will run at base speed (speed at which each motor runs 
when full armature voltage is applied and full field strength is achieved) when 
connected in parallel {Figure 4.la). However, the speed of each motor is only 
one-half the base speed when connected in series (Figure 4.lb). 
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Figure 4.1. Speed control of multiple motors. 
E 
A second method of speed control would be to introduce a resistance into 
the field winding of a shunt-wound motor (Figure 4.2). This reduces the current 
in the field, thereby weakening the strength of the field. The purposes here 
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are to decrease the counter electromotive force and increase armature current 
which in turn increases torque. The net result is a motor capable of achieving 
better than base speed. 
ARM 
SERIES 
FIELD 
E 
Figure 4.2, Control of motor field current. 
Lastly, a different effect can be obtained by placing the resistance in 
series with the armature, instead of in series with the field windings. 
Figure 4.3 illustrates this method. Even though this method produces a positive 
breaking action which may be desirable in some cases, speed control of the motor 
is still limited. 
4.3. DC-DC'PWM Chopper Controller 
This drive system can be broken down into several sections, as depicted in 
Figure 4.4. It employs an array of components which are now a�ailable only 
through recent technological developments (i.e. 1 the microprocessor and power 
MOSFETS). Drive systems such as this are currently being investigated for 
SERIES 
FIELD E 
Figure 4.3. Control of armature current. 
possible use in electric vehicles. It is suggested here and elsewhere [27] 
[32] that electronic controllers Can greatly reduce the amount of energy
nonua.lly lost during electric vehicle operation. Even more importantly, a 
vehicle's performance could improve significantly. It is noteworthy that, 
even though the de-de PWM chopper controller presented here was originally 
designed to be employed in a fully processor controlled electric vehicle, it 
can be easily modified for manual control. 
4.3.1. Pulse width modulation (PWM) section 
This section consists of a LM555 timer which generates a continuous fre-
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quency of pulses and delivers them to two cascaded 4-bit binary counters (74163), 
which, in turn, send an 8-bit number to two cascaded comparators (7485). The 
frequency of the LH555 can be determined by using the values found in 
Appendix C, and applying them to the following equations {33]: 
USER MICROCOMPUTER 
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Figure 4.4. DC-DC PWM chopper controller system. 
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MOTOR 
t1 • 0.693(RA + 11,) C
(4.1) 
t2 • 0.693 (Ri,) C (4.2) 
where t1 and t2 determine the charge time of the capacitor when the output is
high and low, respectively. The total period (T) for which the output stays 
high and low can be determined by summing t
1 
and t
2
• Thus, the reciprocal of T
gives the frequency of the LM:555. 
The second number to be compared by the comparator comes from a microcom-
puter, e.g., Intel 8751 microcomputer, through a latch (74374) which is used as 
a buffer. However, during this laboratoty testing, the 8751 microcoputer was 
replaced by a manually operated 8-bit switch. After both numbers are compared 
and the correct signal is determined, the output is then sent to the inverter 
section. 
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4.3.2. Inverter section 
Essentially, all the inverter section does is to insure that the correct 
signal gets to the base of the transistor (i.e., leading or positive edge first). 
It also determines the direction of rotation of the motor with a directional 
signal from the microcomputer to the decoder (74139). 
4.3.3. Power switching section (PSS) 
This application takes advantage of the flexibility, high switching and 
current handling capabilities of power HEXFETs. (A specific type of MOSFET.) 
Characterized by very high gain and extremely fast switching characteristics, 
the power HEXFET is considered to be an ideal switch [34]. The HEXFET chosen 
for this application is the IRF531, which is rated at 14 amperes for a maximum 
applied voltage of 60 volts. Two of these HEXFETS are connected in parallel to 
form Q1, Q2, Q3 and Q4, respectively. An important feature of the power HEXFET
(and all MOSFETS for that matter) is its integral reverse body-drain diode, 
which is inherently built into each device. This diode (see Figure 4.5) is 
capable of handling as much current as the transistor device. However, it is 
only used during the freewheeling condition (periods between transistor 
conduction). 
Power HEXFETS Q1 and Q3 are responsible for the forward action of the de
motor, while Q
2 
and Q
4 
are responsible for the reverse action. However, the
motor must be brought to a complete stop before switching on the reverse HEXFETs 
(Q
2 
and Q
4
). This will allow for smooth operation of all circuits while at the
same time preventing possible transistor malfunction. Note that the cost for 
REXFETS is somewhat discouraging. (The HEXFETs used in this circuit cost about 
$8 each.) To ensure that each transistor receives the correct biasing voltage, 
pull-up resistors are placed at their bases. 
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Figure 4.5. Inherent reverse body drain diode in HEXFETs. 
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4.3.4. Feedback 
Feedback is accomplished in this system by simply taking part of the signal 
which goes through the motor and sending it through an LM311 voltage comparator 
to ensure that only the correct voltage gets to the inverter section and back to 
the motor. Since the LM311 requires a very small signal for its operation, a 
small resistance (less than one ohm) is placed in series between the output 
field winding of the motor and ground. It is difficult to tell whether or not 
this feedback technique works, since the controller is being tested on a small 
de motor and is operated at voltages far below its original design capacity. 
The speed of the motor will be detected at the shaft with an interrupter 
and fed back directly to the microcomputer. This part of the network is still 
undergoing construction, but warrants mentioning here. 
4.4. Speed Control of AC Motors 
Alternating current controllers are generally more complex than direct 
current controllers when employed in an electric vehicle. In each application, 
an inverter circuit must be present to convert the applied direct current to 
3-phase alternating current for efficient motor operation. How well the motor
performs is in direct correlation to the performance of the inverter circuit and 
battery. In spite of the additional Cost for inverters, the ac motor and 
controls are receiving much attention. One reason for this is the intrinsic 
capability of most ac motors to operate without the use of commutator brushes. 
This is expected to be a iong-term saving to consumers. 
In its simplest form, the controller for a synchronous motor generally con­
sists of a three-pole starter, a de contactor, an automatic synchronizing device 
and a protective relay [24}. The three-pole starter is used to energize the ac 
motor stator, while the contactor provides the de excitation to the motor field 
circuit. Moreover, the contactor is normally closed since a synchronous motor 
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requires ac for normal operation. The automatic synchronizing device allows for 
the timely excitation of the de field. This normally occurs when the motor is 
turning somewhere between 90 and 98% of the synchronous speed. The purpose 
of the protective relay is to prevent damage to the DlOtor due to overload. In 
addition, the protective relay ensures proper synchronization of the motor. 
Even though the ac induction motor is normally used in constant-speed 
applications, its speed can be controlled by means of an adjustable frequency 
drive system or an eddy-current clutch system. The adjustable frequency drive 
uses a PWM inverter to break up the de voltage it receives from the batteries 
into alternating groups of pulses. These pulses, when applied to an induction 
motor, produce a ragged-signed wave current for motor operation [24}. There is 
still some uncertainty as to whether or not eddy-current drive can be employed 
in electric vehicles. However� some of the more important attributes of the 
eddy-current drive are: one, it delivers constant torque over a wide range of 
speeds; and two, it provides full-load torque during stalled conditions with 
minimal pulsations. 
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CHAPTER 5. 
SUMMARY AND CONCLUSION 
5.1. Summary 
During the last half of the nineteenth century, when the electric vehicle 
was considered to be the prima donna by auto makers, a range of 10 to 20 miles 
was sufficient. However, as technological progress continued and more roads 
were being built in the United States and abroad, the demand for long-range 
operational vehicles increased rapidly. (A feat the electric vehicle was never 
able to accomplish.) To make matters even worse, internal-combustion engine 
vehicle manufacturers (such as Henry Ford in 1904) were not only able to pro­
vide automobiles which met the range requirements but also to provide them at a 
cost whi.ch was more competitive than that of the electric vehicle. 
By 1966_, concerns over the levels of pollution caused by the internal­
combustion engine vehicle and its demand for fuel sparked the Congress of the 
United States into action. In addition to imposing strict emission control 
and guidelines for petroleum usage, Congress also tried to change this country's 
attitude towards the electric vehicle. Thus, the first bill which rendered sup­
port to electric vehicle manufacturers was passed in 1966. 
The oil embargo of 1973 was yet another factor which prompted favorable 
congressional actions toward the electric vehicle. Even though stricter 
emission control and fuel consumption laws were superimposed, fuel consumption 
in the transportation industry continued to increase. Then, in 1976, Congress 
passed the Electric and Hybrid Vehicle Research, Development, and Demonstration 
Act of 1976 (Public Law 94-413). This act provided funding to both government 
organization and private industry for their efforts in helping to accelerate the 
commercialization process of electric vehicles. Each organization (Appendix 8) 
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was responsible for one, or more, of the following categories: research, deve­
lopment, and testing of electric vehicles. 
In spite of the fundings received from the government, many of the basic 
problems with electric vehicles still remain. For example, better batteries are 
needed. The electric-vehicle battery has been, and still is, the major factor 
preventing further COTlllllercialization of electric vehicles. To date, the state­
of-the-art lead-acid battery is still inadequate, and the cost normally asso­
ciated with other replacement batteries is often discouraging. Nonetheless, 
efforts to alleviate the battery problem are continuing. 
5.2. Conclusion 
In spite of the battery and other problems, one good thing that can be said 
about the electric vehicle is that its motor is more reliable and requires less 
maintenance than that of the conventional internal-combustion engine vehicle. 
Moreover, even further reliability can be expected when ac motors are employed. 
With the present state of technology, motor controls can range from simple 
off-on switches to microcomputer controllers. The de-de pulse-width modula­
tion (PWM) chopper controller discussed in Section 4.3 is a primary example of 
the state-of-the-art in motor control - both present and future. 
It is believed here that the approach electric vehicle manufacturers are 
now using needs to be reconsidered. No longer can they expect to meet the range 
requirements demanded by consumers by simply converting regular internal­
combustion engine vehicles into electric vehicles. Electric vehicles call for a 
different structural design which should not only minimize the drag coef­
ficient, but i.ncrease performance as well. In addition, better than average 
tires are mandatory for reducing road resistance. More importantly, better and 
lighter batteries must be developed. Pres�ntly, the transportation industry 
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accounts for about half the petroleum usage in the United States. Therefore, 
the need ta further commercialize electric vehicles cannot be overemphasized. 
Notwithstanding, the cooperation of major auto makers will be needed in reducing 
present economic barriers and building an adequate infrastructure. It is not 
expected that the electric vehicle will replace the internal-combustion engine 
vehicle, but much work is being done to ensure its viability. 
Even with all that have been said about the premature nature of electric 
vehicle technology, there is still room for optimism. Today, microcomputers are 
doing things that just a few years ago were considered to be impossible. 
Reusable space transportation is now a thing of the present, and who knows what 
will be next. One thing seems certain, the need for an al,ternative source of 
power is upon us. Recent breakthroughs in fusion technology and the continuing 
use of nuclear power have raised the possibility of relieving, the dependence on 
petroleum. Moreover, as these and other technologies become more available, 
perhaps the energy problems of the electric vehicle may disappear as well. 
-- - --------
APPENDIX A 
ELECTRIC AND HYBRID VEHICLE RESEARCH, 
DEVELOPMENT,AND DEM)NSTRATION ACT OF 1976 
PUBLIC LAW 94-413 
AN Ar:r 
To authorize in the Energy Research and Development Administration 
a Federal program of research, development, and demonstration 
designed to promote electric vehicle technologies and to 
demonstrate the commercial feasiblity of electric vehicles. 
Be it enaeted by the Senate and House of Representatives of the 
United states of America in Congress assembt.ed, That this Aot may 
be oited a:a the "ELectr-ia. and Hybrid Vehicle Researoh, Deve1.opnent, 
and Demonstrution Aet of 1976." 
SEC. 2. FINDINGS AND POLICY. 
(a) The Congress finds and declares that�
· (1) the Nation's dependence on foreign sources of petroleum
must be reduced, as such dependence jeopardizes national 
security-, inhibits foreign policy, and undermines econo­
mic well-being; 
(2) the Nation's balance of payments is threatened by the
need to import oil for the production of liquid fuel for
gasoline-powered vehicles;
(3) the single largest use of petroleum supplies is in the
field of transportation, for gasoline- and diesel-powered
motor vehicles;
(4) the expenditious introduction of electric and hybrid
vehicles into the Nation's transportation fleet would
substantially reduce such use and dependence;
(5) such introduction is practicable and would be advan­
tageous because -
(A) most urban driving consists of short trips, which
are within the capability of electric and hybrid
vehicles;
(B) much rural and agricultural driving of automobiles,
tractors, and trucks is within the capability of
such vehicles;
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(C) electric and hybrid vehicles are more reliable and
practical now than in the past because propulsion,
Control, and battery technologies have improved, and
further significant improvements in such technologies
are possible in the near term;
(D) electric and hybrid vehicles use little or no energy
when stopped in traffic, in contrast to conventional
automobiles and trucks;
(E) the power requirements of such vehicles could be
satisfied by charging them during off-peak periods
when existing electric generating plants are under­
utilized, thereby permitting more efficient use of
existing generating capacity;
(F) such vehicles do not emit any significant pollutants
or noise; and
(G) it is environmentally desirable for transportation
systems to be powered from central sources, because
pollutants emitted from stationary sources (such as
electric generating Plants) are potentially easier
to control than pollutants emitted from moving
vehicles; and
(6) the introduction of electric and hybrid vehicles would
be facilitated by the establishment of a Federal program
of research , development, and demonstration to explore
electric and hybrid vehicle technologies.
(b) It is therefore declared to be the policy of the Congress in
this Act to -
(I) encourage and support accelerated research into, and
development of, electric and hybrid vehicle technologies;
(2) demonstrate the economic and technological practicability
of electric and hybrid vehicles for personal and commercial
use in urban areas and for agricultural and personal use
in rural areas;
(3) facilitate, and remove barriers to, the use of electric
and hybrid vehicles in lieu of gasoline- and diesel­
powered tootor vehicles, where practicable; and
(4) promote the substitution of electric and hybrid vehicles
for many gasoline- and diesel-powered vehicles currently
used in routine short-haul, low-load applications, where
such substitution would be beneficial.
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SEC. 3. DEFINITIONS. 
As Used in this Act, the term -
(1) "Administrator" means the Administrator of the Energy
Research and Development Administration;
(2) "advanced electric or hybrid vehicle" means a vehicle
which -
(A) minimizes the total aioount of energy to be consumed
with respect to its fabrication, operation, and
disposal, and represents a substantial improvement
over exi sting electric and hybrid vehicles with
respect to the total amount of energy so consumed;
(B) is capable of being mass-produced and operated at a
cost and in a manner which is sufficiently com­
petitive to enable it to be produ ced and sold in
numbers representing a reasonable portion of the
market;
(C) is safe, da mage-resistant, easy to repair, durable,
and operates with sufficient performance with
respect to acceleration, cold-weather starting,
cruising speed, and other performance factors; and
(D) at a minimum, can be produced, distributed,
operated, and disposed of in compliance with any
applicable requirement of Federal law;
(3) "commercial electric or hybrid vehicle" includes any
electric or hybrid vehicle which can be used (A) for
business or agricultural production purposes on farms
(e.g. tractors and trucks) or in rural areas, or (B) for
commercial purposes in urban areas;
(4) "electric vehicle" means a vehicle which is powered by
an electric motor drawing current from rechargeable
storage batteries, fuel cells, or other portable sources
of electrical current, and which may·include a non­
ele ctrical source of power designed to charge batteries
and components thereof;
(5) "hybrid vehicle" means a vehicle propelled by a com­
bination of an electric motor and an internal combustion
engine or other power source and components thereof;
(6) "project" means the Electric and Hybrid Vehicle
Research, Development, and Demonstration Project
established under section 4(a);
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(7) "Secretary" means the Secretary of Transportation; and
(8) "small business concern" shall have the meaning
prescribed by the Administrator after consultation with
the Small Business Administration.
SEC. 4. DUTIES OF THE ADMINISTRATOR. 
(a) The Administrator shall promptly establish, as an organiza­
tional entity within the Energy Research and Development
Administration, the Electric and Hybrid Vehicle Research,
Development, and Demonstration Project.
(b) The Administrator shall have the responsibility for the
overall management of the project. The Adminstrator may
enter into any agreement or other arrangement with the
National Aeronautics and Space Administration, the
Department of Transportation, the National Science
Foundation, the Environmental Protection Agency, the
Department of Housing and Urban Development, the Department
of Agriculture, or any other Federal agency, pursuant to
which such agency shall conduct such specified parts or
aspects of the project as the Administrator deems necessary
or appropriate and within 'the particular competence of such
agency, to the extent that such agency has capabilities
which would enable it to contribute to the success of the
project and the attainment of the purposes of this Act�
(c) In providing for the effective management of this pr oject,
the Administrator shall have specific responsibility to�
(1) promote basic and applied research on electric and
hybrid vehicle batteries, controls, and motors;
(2) determine optimum overall electric and hybrid vehicle
design;
(3) conduct demonstration projects with respect to the
feasibility of commercial electric and hybrid vehicles
(A) by contracting for the purchase or lease of electric
and hybrid vehicles for practical use, and (B) by
entering into arrangements, with other governmental
entities and with nongovernmental entities, for the
operation of such vehicles;
(4) ascertain consumer needs and desires so as to match the
design of electric and hybrid vehicles to their poten­
tial market; and
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(5) ascertain the long-term changes in road design, urban
planning, traffic management, maintenance facilities,
utility rate structures, and tax policies which are
needed to facilitate the manufacture and use of electric
and hybrid vehicles in accordance with sections 13 and
14.
SEC. 5. COORDINATION BETWEEN THE ADMINISTRATOR AND OTHER AGENCIES. 
(a) In carrying out the project established under section 4, the
Adminstrator shall, to the maximum extent practicable, con­
sult and coordinate with the Secretary, with respect to any
functions of the Administrator under this Act which relate
to regulatory activities or other responsibilities of the
Secretary, including safety and damageability programs.
(b) Each department, agency, and instrumentality of the execu­
tive branch of the Federal Government shall carefully con­
sider any written request from the Administrator, or the head
of any agency to which the Administrator has delegated
responsibility for specified parts or aspects of the pro­
ject, to furnish such assistance, on a reimbursable basis,
as the Administrator or such head deems necessary to carry
out the project and to achieve the purposes of this Act.
Such assistance may include transfer of personnel with their
consent and without prejudice to their position and rating.
SEC. 6. RESEARCH AND DEVELOPMENT. 
The Adminis,trator, acting through appropriate agencies and 
contractors, shall initiate and provide for the conduct of 
research and development in areas related to electric and hybrid 
vehicles, including� 
(1) energy storage technology, including batteries and
their potential for convenient recharging;
(2) vehicle control systems and overall design for energy
conservation, including the use of regenerative braking;
(3) urban design and traffic management to promote maximum
transportation-related energy conservation and minimum
transportation-related degradation of the environment;
and
(4) vehicle design which emphasizes durability, length of
practical lifetime, ease of repair, and interchangeabi­
lity and replaceability of parts.
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SEC. 7. DEMONSTRATIONS. 
(a) Within 12 months after the date of enactment of this Act,
the Administrator shall develop data characterizing the pre­
sent state-of-the-a rt with respect to electric and hybrid
vehicles. The data so developed shall serve as baseline
data to be utilized in order (1) to compare improvemen ts In
electric and hybrid vehicle technologies; (2) to assist in
establishing the performance standards under subsection
(b)(l); and (3) to otherwise assist in carrying out the pur­
poses of this section. In developing any such data, the
Administrator shall purchase or lease a reasonable number of
such vehicles or enter into such other arrangements as the
Administrator deems necessary to carry out the purposes of
this subsection.
(b) (1) Within 15 months after the date of enactment of this
Act, the Administrator shall promulgate rules establishing
performance standards for electric and hybrid vehicles to be
purchased or leased pursuant to subsection (c)(l). The
standards so developed, shall take into account the factors
of energy conservation, urban traffic characteristics, pat­
terns of use for "second" vehicles, consumer preferences,
maintenance needs, battery recharging characteristics, agri­
cultural requirements, materials demand and their ability to
be recycled, vehicle safety and insurability, cost, and
other relevant considerations, as such factors and con­
siderations particularly apply to or affect vehicles with
electric or hybrid propulsion systems. Such standards are
to be developed taking into account (A) the best current
state-of-the-art. and (B) reasonable estimates as to the
future state-of-the-art, based on projections of results
from the research and development conducted under section 6.
In developing such standards, the Administr·ator shall con­
sult with appropriate experts concerning design needs for
electric and hybrid vehicles which are compatible with long­
range urban planning, traffic management, and vehicle
safety.
(2) Separate performance standards shall be established
under paragraph (1) with respect to (A) electric or hy brid 
vehicles for personal use, and (B) commercial electric or 
hybrid vehicles. Such performance standards shall represent 
the minimum level of performance which is required with respect 
to any vehicles purchased or leased pursuant to subsection (c). 
Initial performance standards under paragraph (b)(l) shall be 
set at such levels as the Administrator determines are 
necessary to promote the acquisition and use of such vehicles 
for transportation purposes which ar_e within the capability (as 
determined by the Administrator) of electric and hybrid 
vehicles. 
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(3) Such performance standards shall be revised, by
rule, periodically as the state-of-the-art improves, except 
that rules promulgated under paragraph (1) shall be amended 
not later than 6 months prior to the date for contracts spe­
cified in subsection (c)(2)a 
(4) Before entering into contracts for the production of
vehicles under subsection (c)(2), the Administrator shall 
transmit to the Speaker of the House of Representatives, the 
President of the Senate, the Committee on Science and 
Technology of the House of Representatives, and the 
Committee on Commerce of the Senate, the performance stan­
dards developed under paragraph (1), as revised and 
currently in effecta 
(c)(l) The Administrator shall, within 6 months after the date 
of promulgation of performance standards pursuant to subsec­
tion (b)(l), contract for the purchase or lease of 2,500 
electric or hybrid vehicles which satisfy the performance 
standards set forth under subsection (b)(l). The delivery 
of such vehicles shall be completed within 39 months after 
the date of enactment of this Act. If the Administrator 
determines, on the basis of responses to the solicitation 
for proposals for such contracts, that less than 2,500 of 
the electric or hybrid vehicles which satisfy performance 
standards under subsection (b)(l) will be available within 
such delivery period, the Administrator shall (A) innne­
diately forward this information along with a detailed 
justification of such determination to t he Speaker of the 
House of Representatives, the Pr esident of the Senate, the 
Committee on Science and Technology of the House of 
Representatives, and the Committee on Commerce of the 
Senate, and (B) contract for the purchase or lease of the 
maxillllm number of such ve hicles (up to 2,500) that will be 
available within such delivery period. To the extent prac­
ticable, vehicles purchased or leased under such contracts 
shall represent a cross-section of the available tech­
nologies and types of uses of such vehicles. 
(2)(A) The Administrator shall, within 6 months after 
the required amendment of such standards pursuant to subsec­
tion (b)(3), and not later than 54 months after the date of 
enactment of this Act, contract for the purchase or lease of 
5,000 advanced electric or hybrid vehicles, which satisfy 
such amended standards. The final del!v'ery of such vehicles 
shall be completed within 72 months after the date of enact­
ment of this Act. If the Administrator determines, on the 
basis of respo nses to the solicitation for proposals for 
such contracts, that less than 5,000 of the electric and 
hybrid vehicles which satisfy performance standards set 
forth under subsection (b)(3) will be available within the 
delivery period (including any extension under -subparagraph 
(B)), the Administrator shall (i) immediately forward this 
information along with a d etailed jusrification of such 
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determination to the Speaker of the House of Representatives, 
the President of the Senate, the Committee on Science and 
Technology of the House of Representatives, and the 
Committee on Commerce of the Senate, and (ii) contract for 
the purchase or lease of the maximum number of such vehicles 
(up to 5,000) that will be available during such delivery 
period. To the extent practicable, vehicles purchased or 
leased under such contracts shall represent a cross-section 
of the available technologies and types of uses of such 
vehicles. 
(B) The Administrator shall extend the delivery period
for such vehicles for a period not to exceed 6 additional 
months, if he finds that such an extension in delivery date 
would result in the delivery of advanced electric and hybrid 
vehicles which would add to the total number of vehicles to 
be purchased or leased (up to 5,000) and which would not 
otherwise be available. tf the Administrator finds that 
such an extension is appropriate and necessary for the deli­
very of such vehicles, he shall so notify the Speaker of the 
House of Representatives, the President of the Senate, the 
Committee on Science and Technology of the House of 
Representatives, and the Committee on Commerce of the 
Senate. 
(d) The Administrator, in supervising the demonstration of
vehicles acquired under subsection (c), shall make such
arrangements as may be necessary or appropriate�
(l)(A) to make such vehicles available to Federal agen­
cies and to State or local governments and other persons for 
individual or business use (including farms). The indivi­
duals and businesses involved shall be selected by an 
equitable process which assures that the Administrator will 
receive accurate and adequate data on vehicle performance, 
including representative geographical and climatological 
information and data on use.r reaction to the utilization of 
electric and hybrid vehicles. Such individuals and busi­
nesses shall be given the option of purchasing or leasing 
such vehicles under terms and conditions which will promote 
their widespread use; 
(B) to pay the differential operating costs of such
vehicles to the extent necess'ary to assure the adequate 
demonstration of such vehicles; 
(2) for demonstration maintenance projects, including
maintenance organization and equipment needs and model 
training projects for maintenance procedures; and 
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(3) for the dissemination of data on electric and hybrid
vehicle safety and operating characteristics (including non­
technical descriptive data which shall be made avaHable by 
the Government Printing Office) (A) to Federal, State, and 
local consumer affairs agencies and groups; (B) to Federal, 
State, and local agricultural and rural agencies and groups; 
and (C) to the public. 
(e) (1) At least 60 days prior to entering into any contract for
the purchase or lease of any electric or hybrid vehicle
under subsection (c)(l) or any advanced electric or hybrid
vehicle under subsection (c)(Z), the .Administrator shall
determine {A) if the purchase or lease of the number of such
vehicles specified in such subsection (c)(l) or (c)(2) will,
with high probability, displace the normal level or private
procurement of such vehicles which would confonn to the
applicable performance standards promulgated pursuant to
subsection (b) and which would be used in the United States,
and (B) if such displacement will occur, the necessary
extent of such displacement in order to carry out the pur­
poses of this Act. At the time any such determination is
made, the Administrator shall transmit such determination,
'along with all relevant information in support thereof, to
the Committee on Science and Technology of the HouSe of
Representatives and the Committee on Commerce of the Senate.
(2) The Administrator shall reduce the number of vehicles
for which he shall contract for the purchase or lease under 
subsection (c)(l) or (c)(2) by the number determined under 
paragraph (l)(A) as modified by paragraph (l)(B), except in 
no event shall he contract for the purchase or lease pur­
suant to subsection (c)(l) of less than 1,000 electric or 
hybrid vehicles, and in no event shall he contract for the 
purchase or lease pursuant to subsection (c)(2) of less than 
2,500 advanced electric or hybrid vehicles unless he deter­
mines on the basis of responses to the solicitations for 
proposals for such contracts, under the provisions of (c)(l) 
and (c)(2), that lesser numbers of such vehicles which 
satisfy the applicable performance standards will be 
available within the delivery periods. All other provisions 
of subsection (c) shall apply. 
SEC. 8. CONTRACTS. 
(a) The Administrator shall provide funds, by contract, to ini­
tiate, continue, supplement, and maintain research, develop­
ment, and demonstration activities which are necessary to
carry out the purposes of the project. The Administrator
may enter into such contracts with any Federal agency,
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laboratory, university, nonprofit organization, industrial 
or�ani2ation, puhlic or private agency, institution, organi­
zation, corporati on, partnership, or individual. 
(b) In addition to the requirements of sections 4 and S, the
Administrator, in the exercise of his duties and respon­
sibllit-ies under this section, shall consult with the
Department of Transportation, the Environmental Protection
Agency, the Federal Energy Administration, the National
Aeronautics and Space Administration, the Department of
Agriculture, and representatives of other appropriate
Federal agencies, and shall establish procedtires for
periodic consultation with representatives of science,
industry, and such other groups as may have special exper­
tise in electric and hybrid vehicle research, development,
and demonstration.
(c) Each contract under this section shall be entered into in
accordance with such rules as the Administrator may
prescribe in accordance with the provisions of this section.
Each application for funding shall be made in writing in
such form and with such content and other submissions as the
Administrator shall require. The Administrator may enter
into contracts under this section without regard to section
3709 of the Revised Statutes (41 U.S.C. S).
SEC. 9. ENCOURAGEMENT AND PROTECTION OF SMALL BUSINESS. 
(a) The Administrator shall take such steps as are feasible to
assure that small business concerns have a realistic and
adequate opportunity to participate in the project.
(b) To assist in accomplishing the objectives of subsection (a),
the Administrator shall reserve, for contracts with small
business concerns, a reasonable portion of the funds made
available pursuant to this Act for research, development, or
demonstration of electric or hybrid vehicles.
(c) The Administrator shall, in addition to the requirements set
forth in subsections (a) and (b)
(1) include in all contracts for research, development,
or demonstration of electric or hybrid vehicles such terms, 
conditions, and payment schedules as may assist in meeting 
the needs of small business concerns, and shall take steps 
to avoid the inclusion in such contracts of any terms, con­
ditions, or penalties which would tend to prevent such con­
cerns from participating in the program under this Act; and 
(2) make planning grants available to qualified small
business concerns which require assistance in developing, 
submitting, and entering into such contracts. 
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SEC. 10. LOAN GUARANTEES. 
(a) It is the policy of the Congress to assist in the introduc­
tion into the Nation's transportation fleet of electric and
hybrid vehicles and to assure that qualified small business
concerns and other qualified borrowers are not excluded from
participation in such development due to lack of adequate
capital. Accordingly, it is the policy of the Congress to
provide guarantees of loans made for such purposes.
(b) In order to encourage the commercial production of electric
and hybrid vehicles, the Administrator is authorized to
guarantee, and to enter into commitments to guarantee, prin­
cipal and in terest on loa�s made by lenders to qualified
borrowers, primarily small business concerns, for the pur­
poses of -
(1) research and development related to electric and
hybrid vehicle technology; 
(2) prototype development for such vehicles and parts
thereof; 
(3) construction of capital equipment related to research
on, and development and production of, electric and hybrid 
vehicles and components; or 
(4) initial operating expenses associated with the deve­
lopment and production of electric and hybrid vehicles and 
components. 
(c) Any guarantee under this section shall apply only to so much
of the principal amount of the loan involved as does not
exceed 90 percentum of the aggregate cost of the activity
with respect to which the loan is made.
(d) Loan guarantees under this section shall he on such terms
and conditions as the Administrator determines, except that
a guarantee shall be made under this section only if�
(1) the loan bears interest at a rate not to exceed
such annual percent on the principal obligation outstanding 
as 'the Administrator determines to be reasonable, taking 
into account the range of interest rates prevailing in the 
private sector for similar loans and risks by the United 
States; 
(2) the terms of such loan require full repayment over a
period not to exceed 15 years; 
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(3) in the judgment of the Administrator, the amount of
the loan (when combined with amounts available to the 
qualified borrower from other sources) will be sufficient to 
carry out the activity with respect to which the loan is 
made; 
(4) in the judgment of the Administrator, there is
reasonable assurance of repayment of the loan by the 
qualified borrower; and 
(5) no loan shall be guaranteed by the Administrator
under subsection (b) unless the Administrator finds that no 
other reasonable means of financing or refinancing is rea­
sonably available to the applicant. 
(e) (1) The amount of the guarantee of any loan shall not exceed
$3,000,000, unless the Administrator finds that a higher
guarantee level for specific loan guarantees is necessary in
order to carry out the purposes of this Act. If the
Administrator makes such finding, he shall immediately
report that finding to the Speaker of the House of
Representatives, the President of the Senate, the Committee
on Science and Technology of the House of Representatives,
and the Committee on Commerce of the Senate.
(2) The aggregate amount of guarantees outstanding under
this section at any one time shall not exceed $60,000,000. 
(f) As used in this section, the term "qualified borrower" means
any partnership, corporation, or other legal entity which
(as determined by the Administrator) has presented satisfac­
tory evidence of an interest in electric or hybrid vehicle
technology and is capable of performing research or
completing the development and production of electric or
hybrid vehicles or any components thereof in an acceptable
manner.
(g) (1) With respect to any loan guaranteed pursuant to this
section, the Administrator is authorized to enter into a
contract to pay, and to pay, the lender for and on behalf of
the borrower the interest charges which become due and
payable on the unpaid balance of any such loan if the
Administrator f inds�
(A) that the borrower is unable to meet interest
charges, that it is in the public interest to permit the 
borrower to continue to pursue the purposes of his project, 
and that the probable net cost to the Federal Government in 
paying such interest will be less than that which would 
result in the event of a default; and 
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(B) that the amount of such interest charges which the
Administrator is authorized to pay shall be no greater than 
the amount of interest which the borrower is o bligated to 
pay under the loan agreement. 
(2) In the event of any default by a qualifed borrower
on a guaranteed loan, the Administrator is authorized to 
make payment in accordance with the guarantee, and the 
Attorney General shall take such action as may be 
appropriate to recover the amounts of·such payments 
(including any payment of interest under paragraph (1)) from 
such assets of the defaulting borrowers as are associated 
with the activity with respect to which the loan was made or 
from any other surety included in the terms of the guarantee. 
(h) No loan guara ntee shall be made, or interest assistance
contra cts entered into, pursuant to this section, after the
expiration of the 5-year period following the date of
enactment of this Act.
(i) An applicant seeking a guarantee under this section must be
a citizen or national of the United St.ates. A corpo.ration,
partnership, firm, or association shall not be deemed to be
a citizen or national of the United States unless the
Administrator determines that it satisfactorily meets all
the requirements of section 2 of the Shipping Act of 1916
(46 U.S.C. 802), for determining such citizenship, except
that the provisions in subsection (a) of such section 2 con­
cerning (1) the citizenship of officers or directors of a
corporation, and (2) the interest required to be owned in
the case of a corporation, association, or partnership
operating a vessel in the coastwise trade, shall not be
applicable. The Administrator, in consultation with the
Secretary of State, may waive such requirements in the case
of a corporation, partnership, firm, or association,
controlling interest in which is owned by citizens of
countries which are participants in the International Energy
Agreement.
SEC. 11. USE OF ELECTRIC AND HYBRID VEHICLES BY FEDERAL AGENCIES. 
The Po stmaster General of the United States Postal Service, the 
Administrator of the General Services Administration, the 
Secretary of Defense, and the heads of other Federal agencies 
shall -
(1) carry out a study of the practicability of using
electric and hybrid vehicles in the performance of some or
all of the functions of their agencies; and
(2) arrange for the introduction of electric and hybrid
vehicles into their fleets as soon as possible.
60 
For competitive procurement purposes in purchasing such vehicles, 
life-cycle costing and any beneficial air pollution control 
characteristics of electric and hybrid vehicles shall be fully 
taken into account. If the head of the agency involved determines 
that electric or hybrid vehicles are technologically practicable, 
but that they are not completely economically competitive with 
conventional vehicles, the .Administrator may, for purposes of the 
demonstration program described in section 7, pay to such agency 
the incremental costs of the electric or hybrid vehicles, 
including differential operating costs. 
SEC. 12. PATENTS. 
Section 9 of the Federal Nonnuclear Energy Research and Develop­
ment Act of 1974 (42 U.S.C. 5908) shall apply to any contract 
(including any assignment, substitution of parties, or sub contract 
thereunder), entered into, made, or issued by the Administrator 
pursuant to section 8 of this Act. 
SEC. 13. STUDIES. 
(a) The Administrator shall conduct a ,atudy to determine the
existence of any tax, regulatory, traffic, urban design,
rural electrical, or other institutional factor which tends
or may tend to bias surface transportation systems toward
vehicles of particular characteristics. The Administrator
shall submit a report to the Congress on the findings and
conclusions of such study, within 1 year after the date of
the enactment of this Act. The report shall include any
legislative or other recommendations of the Administrator.
(b) The Administrator shall conduct a continuing assessment of
the long-range material demand and pollution effect which
may result from or in connection with the electrification
of urban traffic. Such assei;sment shall include a statement
of the Administrator's current findings in each report sub­
mitted under section 14. Any environmental impact statement
which may be filed under a Federal law with respect to
research, development, or demonstration activities under
this Act shall include reference to the matters which are
subject to asse ssment under this subsection.
(c) The Administrator shall perform, or cause to be performed,
studies and research on incentives to promote broader utili­
zation and consumer acceptance of electric and hybrid
vehicle technologies. A description and a statement of the
findings of such studies and research activities shall be
included in each report submitted under section 14.
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(d) The Secretary shall conduct a study of the current and
future applicability of safety standards and regulations to
electric and hybrid vehicles. The Secretary shall report
the results of such study to the Administrator and the
Congress within l yea r after the date of enactment of this
Act.
(e) The Administrator shall conduct a study to determine the
overall effectiveness and feasibility of includin g regenera­
tive braking systems on electric and other automobilies in
order to recover energy. In such study the Administrator
shall -
(1) review the history of regenerative braking devices;
(2) describe relevant experimental test data and theore­
tical calculations with respect to such devices;
(3) assess the net energy impacts and cost effectiveness 
of such devices; 
(4) examine present patents and patent policy re garding
such devices; and
(S) determine whether re generative braking should be
used on some of the advanced electric or hybrid vehicles
to be purchased or leased pursuant to section 7(c)(2).
The Administrator shall submit a report to the Congress
on the findings and conclusions of such study within 1
year after the date of enactment of this Act.
SEC. 14. A!llllJAL REPORT. 
The Administrator shall submit to the Congress annually a report 
on all activities being undertaken or carried out pursuant to the 
provisions of this Act, including -
(1) such projections and estimates as may be necessary to eva­
luate the progress of the project and to indicate the extent
to which, and the pace at which, the objectives of this Act
are being achieved; and
(2) a statement of the extent to which imported automobile chassis
or components are being used, or are desirable, for the pro­
duction of vehicles u nder section 7, and of the extent to
which restrictions imposed by law or regulation upon the
importation or use of such chassis or components are
impeding the achievement of the purposes of this Act.
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Each such report shall also include any recommendations which the 
Administrator may deem appropriate for legislation or related 
action which might further the purposes of the Act. 
SEC. 15. AMENDMENTS TO THE NATIONAL AERONAU"IICS AND SPCAE ACI. 
(a) Section 102 of the National Aeronautics and Space Act of
1958 (42 u.s.c. 2151) is amended (1) by redesignating sub­
section (d) thereof as subsection {e) thereof; and (2) by
inserting immediately after subsection Ce) thereof the
following new subsection:
"{d) The Congress declares that the general welfare of the
United States requires that the unique competence in scien­
tific and engineering systems o f  the National Aeronautics
and Space Administration also be directed toward ground pro­
pulsion systems research and development. Such development
shall be conducted so as to contribute to the objectives of
developing energy- and petroleum-conserving ground propulsion
systems, and of minimizing the environmental degradation
caused by such systems."
(b) Section lOZ(e) of such Act, as designated by paragraph (1)
of this subsection, is amerided by striking out "and (c)' and
inserting in lieu thereof "(c), and (d)".
(c) Section 203 of such Act (42 U.s.c. 2473) is amended (A) by
redesignating subsection (b) thereof as subsection (c)
thereof, and (B) by inserting immediately after subsection
(a) thereof the following new subsection:
"(b) The Administration shall, to the extent of appropriated 
funds, initiate, support, and carry out such research, deve­
lopment, demonstration, and other related activities in 
ground propulsion technologies as are provided for in sec­
tions 4 through 10 of the Electric and Hybrid Vehicle 
Research, Development, and Demonstration Act of 1976." 
SEC. 16. AUTHORIZATION FOR APPROPRIATIONS. 
(a) There are authorized to be appropriated to the Administrator,
for purposes of carrying out this Act (1) not to exceed
$30,000,000 for the fiscal year ending September 30, 1977,
except that at least $10,000,000 of such authorization shall
be allocated for battery research and development; (2) not
to exceed $40,000,000 for the fiscal year ending September
30, 1978; (3) not to exceed $25,000,000 for the fiscal year
ending September 30, 1979; (4) not to exceed $20,000,000 for
the fiscal year ending September 30, 1980; and (5) not to
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exceed $45,000,000 for the fiscal year ending September 30, 
1981. Any amount appropriated pursuant to this section 
shall remain available until expended, and any amount 
authorized for any fiscal year prior to the fiscal year 
ending September 30, 1981, but not appropriated, may be 
appropriated for any succeeding fiscal year through the 
fiscal year ending September 30, 1983. 
(b) Any moneys received by the Administrator from vehicle sales
or leases or other activities under this Act may be retained
and used for purposes of carrying out this Act, no
withstanding the provisions of section 3617 of the "Revised
Statutes (31 U.S.C. 484), and· may· remain available until
expended; but the amount authorized to be appropriated for
any fiscal year under subsection (a) shall be reduced by the
amount of the moneys so received in that year.
·--------�---
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